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ABSTRACT

A pyrotechnic switch which is non-conducting before actuation
and fully conducting after actuation has been developed. The i
switch utilizes the principle that a pyrotechuic composition

B _ containing oxides and a fuel has a very high electrical resistance
! i prior to ignition. However, after ignition the oxide is converted
T to a low resistance metal slag which makes contact between two !

" : points in a switch.
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ya pyrotechnic switch which is non-conducting before actuation and
7 fully conducting after actuation has been developed. The switch utilizes the principle

that a pyrotachnic composition containing oxides and a fuel has a very high

electrical resistance prinr to ignition. However, after ignition the oxide is

converted to a low resistance metal slag which makes contact between two points
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PYROTECHNIC SWITCH

1. INTRODUCTION

- A simple pyrotschnic switch was designed to arm an electrical imspact
firing cirouit for a propellant launched pyrzotechnic store. The concept for
the switch called for flame ignition of a safety delay followed by the
electrical arming of the fizing circuit cutlined in Pig 1. The arming
function of the switch was designed to be initiated from hot gases which
propel the store to flight., During flight, the pyrotechnic train within the
switch burns, giving a safety delay, followed by closing of the electrical
contacts. The svitch had to be rolmst to survive the planned use of the store
and any accidental shock, sudden movemsnt or static electrical hazard.

2« _ODEVELOPMENT OF THE SWITCH

The desigqn of a pyrotechnic switch was based on the fact that the
initial mixture of astal oxides and fuel are non-conducting. Howewver, they
can be readily converted to a highly onnductive metailic slag by a simple
pyrotechnic reaccion. This concept can be used to close two electrical
contacts snd thus arm A firing circuit. _

To satisfy the design requiresents, a pyrotechnic fuse train
utilising exothermic reactions resulting in a condicting solid was
investicated. Meliability of ignition within the train, incorporation of a
time delay, electrical ocontact points, materials of construction, composition
of pyrotechnic material, ease of manufacture and handling properties were

studied.
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3. COMPOSITION EVALUATION

A typical exothermic reaction occurs with a stoichiometric mixture
of a metal oxide and a fuei such as boron. For example, the following
reaction at atmospheric pressure can be considered typical.

2B + 3PH0 + B0y + 3D M e - 6.11x 102
+
non~conducting ~ conducting

The heat generated from the reaction will raise the temperature of
the reaction products to a high level. If the heat of reaction is too great,
the metallic products (lead in this example) may .cporize and subsequently
condense in areas other than across the contact pin:s, thereby failing to
produce a satisfactory electrical contact.

To utilize this type of reaction at atmospheric pressure it is
important that the conducting product (the metal) does not vaporize. In the
given example the temperature is limited to about 1700°C by the boiling point
of the products.

The first switch considered utilized boron/lead oxide (B/PbO)
composition, pressed onto the contact pins of a glass-metal s2al. The
boron/lead oxide composition was ignited from a 6 strand multicore delay
element made from lead tube and filled with boron/barium chromate (B/BaCxO,)
composition. To ensure reliable ignition of the multiccre, an increment o
boron/bariua chromate (B/BaCrO,) was pressed on top. The boron/barium
chromate (B/BaCr0,) composition was selected due to its even burning
characteristics and ignitability. Early trials using this configquration
indicated that the lead released during the boron/lead oxide reaction
vaporized away from the contact pins, opened vent holes through the muiticore
delay element and condensed well away from the contact pins. Various
configurations failed to prevent this and, to overcome it, a number of
alternative compocitions were considered, each generally having a lower
enthalpy of reaction. The metallic products from each reaction had
considerably higher boiling points, while still providing a low resistance
path betwesn contact pins after reaction. The compositions tested are listed
in Table 1. :

The most satisfactory ccaposition was boron/iron oxide (B/Pe
the reaction of which proceeds as shown:

ey0, + 88 » 4 B0, + YPa . A = - 1.93 x 1057
Iron has a boiling point of about 3,000°C and the above reaction

proceeded with a lower heat ocutput to produce a porous but firm, metallic slag
with low electrical resistance.




4o SIITCH DESIGH

Although electrical contact between the pins was estab’ished on each
occasion, inspection revealed that the metallic residue from the reaction had
*kicked-back” from the base of the glass-metal seai. This effect on the
residue or bed was attributed to a pressure build-up at the glass-mstal \\
seal/composition interface, forcing the products of the reaction back from the
base of the switch. .

To minimize this undesirable effect four small went holes
(0.8 sm dla) were drilled through the brass tubs to the interface between the
glass-metal seal and the composition. Any pressure build-up forward of the
reaction front could then escape to atmosphere. After several trials it was
found that the ven: holes had elirinated any further evidence of the "kick-
back® effect.

As the switch was required to be open-circuit initially, non-
conducting starting materials were used in the pyrotechnic train. The initial
resistance across the contact pins was found to be consistently greater than
100 k 8. After reaction of the composition, the ressistance across the contact
pins was rediced to less than 0.1 Q as shown in Table IX.

Various delay times nould then bes implemsnted by different amounts
of pressed composition used in the pyrotechnic train. To ensure that the
pyrotechnic train retained its pressed charactertistics an interference-fit
inverted copper detonator cap with a centrally drilled 2.8 ma dia hole wvas
pressed onto the pyrotechnic train. A further increment of SFG 40 was then
pressed intn the cap to complete the pyrotechnic train as shown in Frig. 2.

'S, PYROTECHMIC TRAIN

In order to ensure reliable ignition of the boron/iron oxide.
composition, a 0.150 g incremant of SR92 was pressed onto the composition. As 4
the design of the switch required it to be ignited from a flame or hot -
propellant gas source, two increments of gunpowder were pressed onto the top
of the 8R92 cosposition. The pyrotechnic train then consisted of 8FG 40
{Gunpowder) - SR92 - B/Fe 0, composition as shown in Pig 2. .

Various delay times ocan then be achiewd by varying the amount of
pyrotschnic comstituents used in the train. A typical araing delay of 0.10 to
0.27s can readily be achieved by warying the amount of gunpowder (8FG 40) from
0.03 o 0.10 ¢g. A wariation in 8FG 40 from 0.03 g to 0.10 ¢ resulted in the
delay time increasing from 1035 ms to 274 ms as shom in Table III. Longer :
delay timas can be obtained by varying the amount of SR92 or by including a Lo~
segmnt of malticore delay as shom in Pig. 3. s{ ‘
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6. RESULTS

A mmber of switches were manufactured and tested using the design
shown in Fig 3. Seweral compositions (listed in Table I) were consldered znd
evaluated for their suitatility. Both boron/lead oxide (B/PdC) and
boron/cupcic oxide (B/Cul} compositions were found unsuitable due to the
problem of the released metal vaporizing during the reaction and wenting away
before a conducting bed could be Zormed across the contact pins. Close
exanination revealed that the metal products from each reaction had condensed
around the walls ard vent holes, but had failed to produce a permmnent
conducting bed across the contact pins.

The composition boron/barium chromats (s/aac:o‘) vas found to
produce a strongly conducting bed. Close inspection revealed tmt the bed was
brittle and susceptible to crmbunq.

Conpositions B/Bi0/Cr,0 (SR92) and B/Pe,0 a on reaction both formed .

conducting metallic beds with r« stances iess than 0.5 Q, close inspection of
the bed charactaristics revealed that they were firm, not susceptiblo to
orumbling, and formed a -oud conducting bridge across the contact pins of the
switch.

7. P.NAL DESIGN OF PYROTECHNIC SWITCH

A pyrotechnic switch, which meets the requiresents cutlined in the
introduction has been developed and tested. The compositions chosen for use
. in the svitch are:-
(a) 8FG 40 =~ to provide ignition of the switih from hot gases,
(b) 8r 92 = priming composition for the swvitch composition, and

(¢) B/Fey0, -~ switch cosposition

The operating time of the switch can be waried froca 0.t to 0.27
mbynryinqehomntofsmlomne. If a longer tises delay is
required, a segment of multicore delay may be inserted into the mﬂdmlc
train.

umnmuwuamnammumm (n.ﬂ.gz
and 3) are given in Appendix A.
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8. CONCLUSIONS

A reliable pyrotechnic switch has been dcveloped which can be used
as a safety arsing device in an electrical circuit vhere a time delay is
required. The switch as developed is designed to be initiate from a flame.
However, this could be modified to allow ignition by other source, such as
electric (bridgewirs), stab, or percussion cap. The switch incorporates a
pyrotechnic delay, the coperational time of which can be waried depending on
the choioce 2f pyrotechnic cospositions.
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TABLE I

COMPOSITIONS EVALUATED

COMPOSITION RESULT EVALUATION
8/Pb0 Ilesad vaporized, no bed formed. Unsuitable
B/Cu0 Copper vaporized, no bed formed. Unsuitable
B/BaCr0, Brittle conducting bed formed.  Unsuitable
B/Bi0/Cr,04 Firm conducting bed formsd. Suitable
(SR92)
B/r0304 Firm conducting bed formed. Suitable
TABLE II

RESISTANCE EVALUATION OF

BORON/IRON OXIDE 3/Fe.O0,) SWITCH

SWITCH " RESISTANCE RESISTANCE
NO, BEFORE AFTER
PIRING (kQ) PIRING ()
K, 255 < 0.1
L 114 < 0.1
E, m < 0.1
LA 4 < 0.1
Eg 126 < 0.1
!' 168 < 0.1
r, 123 < 0.1
!3 159 < 0.t
Te 163 < 0.1
rg 173 < 0.1
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TARLE ITD

TIME EVALUATION OPF

BORON/IRON OXIDE (B/Fe.0,) SWITCH

SWITCH RESISTANCE RESISTANCE WT OF SEG 40 TIME

NO. BEFCORE AFTER IN PYRO TRAIN (ms)
FIRING (kR) FIRING (Q) (9)

B1 202 < 0.1 0.10 274

B2 154 < 0.1 0.08 152

B3 131 < 0.1 0.05 119

B4 147 < 0.1 0.03 108
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COMPOSITION AND PRESSING DETAILS

A1

COMPOSITIONS

b ¢ B/Fe30, composition consisted of:
fack iron oxide Fe40,
Boron (dried) B

1z SR92 composition consisted of:
Boron
Chromic oxide
Bismuth oxide

111 B/BaCr0, composition consisted of:

Barium Chromate

Boron

PRRSSING DETAILS

I.

Iz

WITHOUT MULTZCORE DELAY (Pig 2)

858 (by weight)
15% (by weight)

12¢ (by weight)
22s (by weight)
668 (by weight)

308 (by weight)
108 (by weight

Bach composition prepared by hand mixing the lngiod.tonh
together and then passing four times through a BS Sieve No 60.

A n/r:ao composition added in two increments, each of

0.125 g a

be SR92 composition then added in one increment of 0.150 g

and pressed to 14 MPa.

pressed to 14 MPa,.

Ce SFG 40 then added in two increments, the first
increment of 0.01 g pressed to 14 MPa followed by an
inverted r~opper detonator cap with centrally drilled 2.8 mm
hole, then the remaining SFG 40 (0.04 g) and pressed to

14 MPa.

WITH MULTICORE DELAY

(rig 3)

8 !/:;30‘ composition added in two incremsrti, sach of

be 8R92 composition thon added in one increment of 0.150 ¢

and pressed to 14 MPa.

pressed to 14 MPa.

Ce Multicore delay element then added and pressod to

14 MPa.

d. B/BaCr0, composition then added 1n one increment of 0.20 g

and precaded to 14 MPa.

e 0.05 g of 8FG 40 then added in two increments, the first
incremsnt of 0.01 g, pressed to 14 MPa folliowsd by a inverted
copper detonator cap with centrally 4drilled 2.8 mm Dele, then

the remaining 3FG 40 (0.04 g) and pressed to 14 MPa.
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IMPACT FIRING SWITCH
> {}

PYROTECHNIC SWITCH |
R gpen >100x10°Q

MATCH-HEAD Relosed <010

CIr— rs20

2.6V POWER SUPPLY

Fanction

1e On lavnching the Pyrotechnic Switch is ignited from hot gases.

2. After time delay the Pyrotecanic Switch closes, arming the
trocuit.

3 On impact the Ispact Switch closes, igniting the lhtchhad
arl the Explosive Train.
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Pige 1« PFiring circuit utilising the Pyrotechaic Switch.
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4
3 BRASS 7,94mm 0D y
/-co»en GETONATOR CAP
4 LI FY: FG40
‘ ; | _—0.059-0.109 $
-t . M :
. E . | .
e 1 | —o.1509 sRe2[croyei ofe}
i }: i K\
P 17mm S
4 kY
N 3 \ F —————0.125g Fe3 O¢/B (85/15)
¥ | i 4x0.8mm VENT HOLES
* \ 12.54 _:‘_:.;g
z : _ILT ——"_CONTACT PiNS
{ ‘;' GLASS/METAL SEAL 1
<F {
Punction {
3 y 1. On launching hot gases ignite the SFG 40,
z o After time delay the resistance across the contact ]

pins drops from 130-180 XQ to less than .1Q.

3 Typical time delay 0.1 = 0.27 s. Longwr time delays
can be accommodated.

3 A\ .Ak.‘k}‘ ".

Fig. 2, Details of Pyrotechnic Switch.




BRASS 7,04mm OD x 4.8mm 1D,
; . P > 3. Pis ¢ J &4 .——-—'—SFG 40
g ‘ ”.' 4 "'
i . < Y ¥ A /—Bla' c' O‘
& Q MULT-CORE DELAY ELEMENT
- £ N [e/8a cr q.]
j N ,
'k § ,
: \E SRO2
N 1
. - | §:_.’1:t':"t7'b *":‘:'::;:E\Fo; o4 l8s.
S 3 Fe s farh  feastwdre 4
N —— AR == =t : ' ’f
‘ y _ A /. 4x0.8mm VENT HOLES
- . . ]
1E GLASS/METAL SEAL
! . ‘
i Punction _
; . 1. on launching hot gases ignite the SFG 40,

2. The pyrotechnic chain B/BaCrO4 -’ 6 strand lead multicore
| _ (£41led with B/BaCrO,) - SR92 - I/P.zo‘ burns through.

3, Time delay governed by quantity of materials pressed and
length of multicore selected.
. ‘:-{
2 k’£‘
v,
’d L]
." , .
K
’ Fig. 3. Pyrotechnic Switch with muiticore dslay.
]
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